DOI: 10.11844/cjcb.2024.10.0009
R [E g1 B AE 24244 Chinese Journal of Cell Biology 2024, 46(10): 18101820 CSTR: 32200.14.cjcb.2024.10.0009

AR TR EERM S IIHIFIM R R

HE& HeR HE O E& E@
(DU, BB B, WA 611130; 20 11K, Al A s KL O A S0 52, FRAS 611130)

WE  ARBF(CoVs)RLEia— KRB AFo) e LIERNAR &, 455 R E %, 2R
ME, TR RALFD T E G FERAILT, 7 0BT R R 45 4] oK m A R e 09 A 3K
R, Raks 3R R Aemint) XA TR, R LA AR RE. BAaTsidk
mka%&éﬁﬂ%mé/\#%# g 57 S AL AR L, M AR SR R 3 O R4 e i A Tk
. XEHHERHKRE, Do TERREGRE, BB —42 3 435 280 69 7 ik E£RRIF
A, ZEENRT A AR R I RS AR F A AN B R R £ A a3l A, SRitae T s S
BRI, VAN A AR 0976 57 AndE Bl IR A

XHER DR PRSI K AN AR

Advances in Inhibitors of Membrane Fusion of Coronavirus
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Abstract Coronaviruses are a type of enveloped RNA viruses that commonly infect humans and animals.
They are known for their high transmissibility and pathogenicity, and can cause severe clinical symptoms and
death. Developing specific medications is an effective strategy for controling coronavirus infection. The membrane
fusion process plays a crucial role in the viral entry into target cells, and it is also a common target for specific
medications. Drugs specifically targeting membrane fusion in animal coronaviruses are still in the research and
development phase, while some drugs for human coronaviruses are already in clinical use. These medications pri-
marily consist of peptides, small molecule and proteins, and some methods to improve the inhibitory effect of drugs
are being actively developed. This review introduces various types of inhibitors that target different stages of the
membrane fusion process in coronavirus, discussing their advantages, disadvantages and future potential to provide
reference for the treatment and control of coronavirus.
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Fig.1 Schematic diagram of spike protein structure of coronavirus and effect of membrane fusion inhibitors
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Fig.2 Schematic diagram of the mechanism of coronavirus membrane fusion and the target of membrane fusion inhibitors
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Table 1 Coronavirus membrane fusion inhibitors (peptides)
i) HmEE Feoaki&t i 1 FILA EE BTN
Drugs Targeted proteins Sequence or structure Mechanism of action References
NYBSP-4 S1 subunit of = = The structure that mimics the ACE2 helix region [4]
SARS-CoV and AL AP ' AV AC R preferentially binds to the S protein receptors
SARS-CoV-2 of SARS-CoV and SARS-CoV-2 in the hope of
preventing the virus from binding to the host
receptor
SP-10 S1 subunit of STSQKSIVAYTM Blocking SARS-CoV S protein interaction with ~ [20]
SARS-CoV ACE2
P6 HR1 of SARS-CoV  GINASVVNIQKEIDRLNEVAKNL It is an HR2 homologous peptide, which binds to [21]
HRI1 and prevents the HR2 from forming a 6-HB
structure with HR1
CP-1 HR1 of SARS-CoV  GINASVVNIQKEIDRLNEVAKNLNESL- It is an HR2 homologous peptide, which binds to  [7]
IDLQELGKYE HRI1 and prevents the HR2 from forming a 6-HB
structure with HR1
MERS-HR2P  HR1 of MERS-CoV SLTQINTTLLDLTYEMLSLQQVVKAL- It is an HR2 homologous peptide, which binds to [8]
NESYIDLKEL HRI1 and prevents the HR2 from forming a 6-HB
structure with HR1
HR2P-M2 HR1 of MERS-CoV SLTQINTTLLDLEYEMKKLEEVVK- It is an HR2 homologous peptide, which binds to [8]
KLEESYIDLKEL HRI1 and prevents the HR2 from forming a 6-HB
structure with HR1
MERS-5HB  HRI of MERS-CoV HRI1-SGGRGG-HR2-GGSGGSGG-HR1-  Inhibit the binding of HR1 and HR2 to form [22]
SGGRGG-HR2-GGSGGSGG- HR1 6-HB
229E-HR1P S2 subunit of AASFNKAMTNIVDAFTGVN- Inhibit the binding of HR1 and HR2 to form [23]
HCoV-229E DAITQTSQALQTVATALNKIQDVVN- 6-HB
QQGNSLNHLTSQ
229E-HR2P S2 subunit of VVEQYNQTILNLTSEISTLENKSAEL- Inhibit the binding of HR1 and HR2 to form [23]
HCoV-229E NYTVQKLTQTLIDNINSTLVDLKWL 6-HB
2019-nCoV- HRI1 of SARS- DIGINASVVNIQKEIDRLNEVAKNL- It is an HR2 homologous peptide, which binds to [8]
HR2P CoV-2 NESLIDLQEL HR1 and prevents the HR2 from forming a 6-HB
structure with HR1
IPB02 HR1 of SARS- ISGINASVVNIQKEIDRLNEVAKNL- It is an HR2 homologous peptide, which binds to [9]
CoV-2 NESLIDLQELK (cholesterol) HR1 and prevents the HR2 from forming a 6-HB
structure with HR1
EK1C4 HR1 of SARS- SLDQINVTFLDLEYEMKKLEEAIK- It is an HR2 homologous peptide, which binds to [10]
CoV-2, HCoV- KLEESYIDLKEL-GSGSG-PEG4-C (cho-  HRI and prevents the HR2 from forming a 6-HB
0OC43, HCoV- 229E lesterol) structure with HR1
and HCoV-NL63
HR2-8 HRI1 of SARS-CoV ELDSFKEELDKYFKNHTSPDVDLGDIS- Inhibit the binding of HR1 and HR2 to form [10]
GINASVVNIQKEIDRLNEVAK 6-HB
HRI1-A HRI1 of SARS-CoV  YENQKQIANQFNKAISQIQESLTTTSTA  Itis a truncated peptide of HR1 to inhibit the [24]
formation of 6-HB
GST-removed- HRI1 of SARS-CoV DVDLGDISGINASVVNIQKEIDRLNE- It is a truncated peptide of HR2 to inhibit the [24]
HR2 VAKNLNESLIDLQELGKYEQYI formation of 6-HB
HR2P HR1 of MERS-CoV SLTQINTTLLDLTYEMLSLQQVVKAL- It is a derived peptides of HR2 to inhibit the [8]
NESYIDLKEL formation of 6-HB
OC43-HR2P HRI1 of a-HCoV SLDYINVTFLDLQDEMNTLENKSAEL- It is an HR2 homologous peptide, which binds to [11]
and B-HCoV NYTVQRLQEAIKVLNQSYINLKDI HRI and prevents the HR2 from forming a 6-HB
structure with HR1
SJ-2176 HRI1 of multiple EWDREINNYTSLIHSLIEESQN- It is an HR2 homologous peptide, which binds to [12]

coronaviruses

QQEKNEQEGGC

HRI and prevents the HR2 from forming a 6-HB
structure with HR1
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Drugs Targeted proteins Sequence or structure Mechanism of action References
[SARSHRC- HRI1 of SARS- [DISGINASWNIQKEIDRLNEVAKNL- It is an HR2 homologous peptide, which binds to [13]
PEG4] 2chol CoV-2 NESLIDLQEL -PEG4] 2-chol HR1 and prevents the HR2 from forming a 6-HB
structure with HR1
LCB1 RBD of the S1 DKEWILQKIYEIMRLLDEL- It is an HR2 homologous peptide, which binds to [25]
subunit of SARS- GHAEASMRVSDLIYEFMKKG- HR1 and prevents the HR2 from forming a 6-HB
CoV-2 DERLLEEAERLLEEVER structure with HR1
LCB3 RBD of the S1 NDDELHMLMTDLVYEALHFAKDEEIK- It is an HR2 homologous peptide, which binds to [26]
subunit of SARS- KRVFQLFELADKAYKNNDRQKLEKV-  HRI and prevents the HR2 from forming a 6-HB
CoV-2 VEELKELLERLLS structure with HR1
PO9R Host proteins NGAICWGPCPTAFRQIGNCGRFRVRC- It binds directly to the virus and inhibits virus- [19]

CRIR

host endosomal acidification, thereby preventing
the virus from infecting the host
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Table 2 Coronavirus membrane fusion inhibitors (proteins)
21 HFEN e FIHLA SH R
Drugs Targeted protein Mechanism of action References
T-ACE2 S1 subunit of the virus Mimic the host’s ACE2 receptor and preferentially bind to the viral ~ [27]
receptor to prevent the virus from binding to the host receptor
Recombinant S1 subunit of the virus Mimic the host’s ACE2 receptor and preferentially bind to the viral ~ [28]
ACE2-Ig receptor to prevent the virus from binding to the host receptor
47D11 RBD of the S1 subunit of SARS-CoV-2 A conserved epitope targeting the RBD region, binding to the S1 protein ~ [34]
mAb RBD of the S1 subunit of SARS-CoV TargetRBD and bind to the S1 protein [35]
m396 RBD of the S1 subunit of SARS-CoV Target RBD and bind to the S1 protein [29]
S109.8 RBD of the S1 subunit of SARS-CoV Target RBD and bind to the S1 protein [30]
m336 RBD of the S1 subunit of MERS-CoV Target RBD and bind to the S1 protein [31]
SAB-301 RBD of the S1 subunit of MERS-CoV Target RBD and bind to the S1 protein [32]
REGN3051 RBD of the S1 subunit of MERS-CoV Target RBD and bind to the S1 protein [41]
REGN3048 RBD of the S1 subunit of MERS-CoV Target RBD and bind to the S1 protein [41]
311mab-31B5 S1 subunit of the virus Target RBD and bind to the S1 protein [33]
311mab-32D4 S1 subunit of the virus Target RBD and bind to the S1 protein [33]
COVAL-18 RBD of the S1 subunit of SARS-CoV-2 Target RBD and bind to the S1 protein [42]
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Table 3 Coronavirus membrane fusion inhibitors (small molecules)

%Y #HEA &) TERIBL EE PN
Drugs Targeted protein Structure Mechanism of action References
Camostat Host protease o Inhibit the activity of the TMPRSS2,  [45]
mesilate o 0\)LN/ thereby inhibiting coronavirus mem-
J\F /@Lom | brane fusion
HoN" N
OH
—8=0
o
Nafamostat Host protease 0. OH Inhibit the activity of the TMPRSS2,  [45]
(NM) NH /s‘\O 0¢s’0 H thereby preventing the activation
H2N—< o/ © of the S protein and inhibiting the
HN . .
o . NH, fusion of the coronavirus membrane
! NH
Gabexate mesi-  Host protease 0 Inhibit the activity of the TMPRSS2,  [46]
late (FOY) o o thereby preventing the activation
":NT”\/\/\)J\O of the S protein and inhibiting the
N fusion of the coronavirus membrane
o
HO- g
I
K11777 Host protease Inhibit the activity of the cathepsin [47]
L, thereby preventing the activation
j)\ H oo .0 of the S protein and inhibiting the
N \/\/s : .
|/\N N X \© fusion of the coronavirus membrane
N o
SMDC256159 Host protease Inhibit the activity of the cathepsin [47]
L, thereby preventing the activation
o) 0. O of the S protein and inhibiting the
J\ H \\S// fusion of the coronavirus membrane
(NN Y Y Y e
N 0 i_Ph
R=—CH2CH20CH3
SID-26681509 Host protease Inhibit the activity of the cathepsin [47]

Teicoplanin

Host protease

HN o)
HN N\ }‘(
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S O
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HN

Hor—?NHAc o ol
HO\\ o 'O, s CL' o) H
0.7 1?1, N N Nyo
O H

L, thereby preventing the activation
of the S protein and inhibiting the
fusion of the coronavirus membrane

Inhibit the activity of the cathepsin [48]
L, thereby preventing the activation

of the S protein and inhibiting the

fusion of the coronavirus membrane
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Dalbavancin Host protease Inhibit the activity of the cathepsin [48]
L, thereby preventing the activation
of the S protein and inhibiting the
fusion of the coronavirus membrane
Oritavancin Host protease Inhibit the activity of the cathepsin [48]
L, thereby preventing the activation
of the S protein and inhibiting the
fusion of the coronavirus membrane
Telavancin Host protease Inhibit the activity of the cathepsin [48]
L, thereby preventing the activation
of the S protein and inhibiting the
fusion of the coronavirus membrane
E64D Host protease Inhibit the activity of the cathepsin [49]

L, thereby preventing the activation
of the S protein and inhibiting the

fusion of the coronavirus membrane
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